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Duplex-guided balloon angioplasty of failing or
nonmaturing arterio-venous fistulae for
hemodialysis: A new office-based procedure
Enrico Ascher, MD, Anil Hingorani, MD, and Natalie Marks, MD, RVT, Brooklyn, NY
Objective:Unquestionably, the federal government has created financial incentives for vascular interventionists to perform
procedures in their offices rather than in a hospital setting. While office venous ablations have been widely embraced by
the vascular community, those involving the arterial system have not. One important reason may be related to the cost of
the fluoroscopic equipment. Herein, we report on 32 office-based duplex scan-guided balloon angioplasty cases for failing
or nonmaturing arteriovenous (AV) access.
Patients and Methods: Twenty-five patients (14 males; 11 females; mean age 65.1 9.11) with chronic renal insufficiency
underwent 32 office-based ultrasound scan-guided balloon angioplasties of their autologous AV fistulas. Twenty-seven
procedures were performed in fistulas that did not mature while the remaining five were performed in failing AV accesses.
The indications for these procedures were severe stenoses (>70%) as measured by color duplex scan and confirmed by peak
systolic velocity (PSV) step-up>3. Preoperative duplex scan-derived mean volume flows (VFs) and highest stenotic PSV
were recorded and compared with postoperative findings. Access site puncture and cannulation with short sheath, wire,
and balloon advancement and inflation were guided by duplex scan only. A comparison of revenue for hospital-based vs
office-based procedures was performed.
Results: All procedures were successfully completed without fluoroscopy and contrast material. There were no systemic
complications. One patient (3%) developed an arm hematoma due to focal vein rupture which was controlled by a hand
compression for 20 minutes. An additional patient (3%) had a focal intraluminal dissection not obstructing the flow.
Comparison of preoperative mean VF (350  180 mL/minute) and postoperative mean VF (933  332 mL/minute)
demonstrated a statistically significant increase with P< .0001. Preoperative mean PSV 582 923 cm/second decreased
to postoperative 1 mean PSV 244  97 cm/second (P < .0001). After deduction of procedure-related expenses
($730/case) from the global fee, the net income from these 32 cases totaled $51,746, making the return 4.32 times
higher than that of the hospital setting (potential professional fee for the same cases - $11,983).
Conclusion: This early experience suggests that office-based endovascular repair of AV access under duplex scan-guidance
is feasible and safe. The superficial location of AV access facilitates duplex scan visualization. This proposed approach
averts contrast material use and radiation exposure. Finally, it appears to be financially more lucrative than the same
hospital-based procedures. ( J Vasc Surg 2009;50:594-9.)The recent global economic realities continue to influ-
ence the finances of the medical industry from the govern-
ment payment system, private payors, and ultimately down
to the private practitioners. In an effort to keep up with the
economic downturn by streamlining costs, there has been a
shift from the hospital-based procedures to the office.
Indeed, some have estimated that the number of office-
based procedures have increased to approximately 10 mil-
lion per year.1,2 This explosion in the number of office-
based procedures has been fueled by the incremental
payment offered by payors, patient preferences, and sim-
plicity to the private practitioner. Most patients prefer to
have their procedures performed in the familiar setting of
their practitioner without going through the hospital bu-
reaucracy. These office-based procedures afford the practi-
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594tioner scheduling and inventory control, and control of the
care before, during, and after the procedures. Moreover,
office-based procedures are attractive to payors as a mech-
anism for expense reduction resulting from eliminating the
high cost of hospital procedures and their inherent insuffi-
ciencies.3,4
It is apparent that vascular surgery procedures have
embraced this trend. While recent advances in technology
have shifted venous procedures from the hospital to the
office, arterial procedures remain largely hospital-based.
Conversely, dialysis access procedures are still in the transi-
tion stage. Many of these procedures are performed openly
in the hospital with a shift towards endovascular procedures
for arteriovenous (AV) access in the office. However, trans-
ferring these endovascular procedures with the use of fluo-
roscopic guidance to the office entails significant start-up
costs due to the expensive equipment and radiation safety.
We propose that some of these procedures can be
further simplified andmademore cost effective by replacing
the fluoroscopy with duplex scan-guidance. We have previ-
ously explored the role of duplex scan-guidance for lower
extremity angioplasties and carotid angioplasty.5-13 The
hemodynamic information that is obtained with duplex
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the absence of dye exposure to the patient, and radiation
exposure to the staff was also previously highlighted.14,15
In this series, we further investigate our experience with
duplex scan-guided balloon angioplasties of AV fistula per-
formed in the office.16
METHODS
Patients. Twenty-five patients with chronic renal in-
sufficiency and upper extremity AV autologous fistulas
underwent 32 duplex scan-guided balloon angioplasties of
their dialysis access in our outpatient office setting. These
interventions were performed on 24 (75%) radial-cephalic
and 8 (25%) brachial-cephalic fistulas. The mean time from
the fistula creation to the current procedure was 7.7 11.9
months (range, 2-69 months).
There were 14 males and 11 females with mean age
65.1  12.1 years (range, 37 to 85 years). Concomitant
risk factors included hypertension in all patients (100%),
diabetes in 15 patients (60%), coronary artery disease in 8
patients (32%), and history of smoking in the remaining 7
patients (28%). Seventeen procedures (53%) were per-
formed on nonmaturing fistulas in patients who were not
yet on dialysis, 10 (31%) in patients dialyzed through the
catheter access, and the remaining 5 (16%) on failing AV
access in patients who were already on dialysis through the
failing fistula.
Preoperative evaluation. Impending failure or de-
layed maturation of the fistula was suspected by palpation
of a weak thrill or pulse. All 5 patients with failing fistulas
reported inefficient dialysis, and 2 of these (40%) also had
prolonged bleeding after dialysis. All patients with sus-
pected abnormalities underwent duplex scans which dem-
onstrated severe stenoses (70%) as measured by color
image and confirmed by peak systolic velocity (PSV)
step-up 3.17,18 B-mode imaging of the entire fistula
added information regarding presence of luminal webs and
“frozen” venous valves creating flow obstruction. The cen-
tral veins were also routinely insonated with duplex scan
imaging.19 Themean number of stenoses per AV access was
1.5  0.7 (range, 1 to 4 per AV access). Of the total 48
stenoses, 43 (90%) were located in the vein, 3 (6%) were in
the anastomosis, and the remaining 2 (4%) were in the
inflow radial artery.
Preoperative duplex scan-derived mean volume flows
(VFs)20 and highest PSVs at the most significant stenosis
were recorded and compared with postoperative findings.
Technique. All procedures were performed in the out-
patient office. After positioning the patient on the exami-
nation table, the ipsilateral upper extremity was prepped
and draped in the usual sterile manner. An HDI 5000
scanner with SonoCT feature (Phillips Medical Systems,
Bothell, Wash), utilized in all cases, was placed on the side
of intervention close to the patient’s arm providing good
monitor view for both surgeon and vascular technologist;
the keyboard was covered with a sterile plastic cover. A
compact linear CL15-7 MHz transducer (Phillips Medical
Systems) provided excellent visualization of the entire fis-tula due to its superficial localization (2 cm deep). The
registered vascular technologist (RVT) assisting with du-
plex scan imaging in all cases (N.M.) was scrubbed,
gowned, and gloved in the same manner as the operating
surgeon.
All AV fistulas were cannulated under duplex scan-
guidance and local anesthesia at least 4 cm away from the
most proximal stenosis. We were able to complete all
procedures via ipsilateral entry through small caliber short
sheaths (4F in 28 cases and 5F in the remaining 4 cases)
under local anesthesia. Twenty-nine (91%) cases were ac-
cessed at distal fistula puncture and stenoses were addressed
in a retrograde fashion. The remaining 3 cases (9%), were
conducted via the proximal vein puncture to treat more
distal stenoses.
After heparin bolus (3000 U), a 0.018 inch curved tip
Glidewire (Terumo Medical Corporation, Somerset, NJ)
was inserted, gently threaded through the stenosis(es) and
parked in the proximal artery (during retrograde cannula-
tion) or distal vein (during antegrade cannulation). If this
wire encountered resistance due to intraluminal web, we
attempted to cross it with a soft or rigid end of a 0.035 inch
straight tip Glidewire supported by a 4F Bern (Boston
Scientific Corporation, Natick, Mass) directional catheter.
The safety of these maneuvers was provided by a real-time
visualization of the wire tip in the lumen by duplex scan.
Balloon insertion, position, and inflation were performed
under duplex scan control as well. We chose the balloons
based on precise duplex scan measurements of venous/
arterial lumen diameter adjacent to the stenosis. Sterling
(Boston Scientific Corporation) ultra low-profile balloons
of various sizes (3 mm to 6 mm) were inflated several times
to 10-12 atmospheres pressure until the stenosis resolved
(Fig 1). Balloon caliber was chosen based on duplex scan
measured diameter of the adjacent non-stenotic venous or
arterial portion of the fistula.
No interventions were done on fistulas that were 1-
month-old. The smallest diameter of the venous portion of
Fig 1. Preoperative color power image of a severe (75%) stenosis
in the failing radial-cephalic arteriovenous (AV) fistula.the fistula in this series was 4 mm. Lesions 5 mm long
JOURNAL OF VASCULAR SURGERY
September 2009596 Ascher et alwere considered to be “focal”. The longest single lesion
treated in this series was 5 cm.
We suggest that it is unlikely to experience difficulties in
using duplex scan-guidance for interventions on venous or
arterial stenoses anywhere from the wrist to the shoulder
joint. More proximal (axillary or subclavian) lesions may be
difficult to visualize in some patients due to depth limita-
tion. There was only one case were it was necessary to
perform balloon dilatation of two distant severe stenoses on
separate occasions. This patient had the first critical ste-
nosis at the anastomosis and the second severe lesion on
the shoulder. We addressed the anastomotic lesion first
via retrograde approach and the second lesion during
another procedure performed 2 weeks later via an ante-
grade puncture.
Whenever the narrowing failed to properly dilate or
recoiled to 40%, as measured by color image and PSV
ratio2, we introduced cutting balloons (Boston Scientific
Corporation) in an attempt to break the rigid fibrous
intraluminal matter. There were 4 (13%) cutting balloons
necessary to successfully treat these resistant recoiling le-
sions. After the balloon was removed, completion duplex
scans assessed the adequacy of repair by absence of residual
lesions (stenoses 40% and PSV ratios 2). A set of three
measurements of the AV fistula VFs was obtained from the
non-tapering segment with the least turbulent flow 5-7 cm
distal to anastomosis (Figs 2-4). Mean VFs  standard
deviation (SD) were reported.
The sheath was taken out and the puncture site was
sealed with a figure 8-shaped stitch (4-0 or 3-0 self-
absorbing material). Light manual compression was ap-
plied for 5-10 minutes to prevent hematoma formation.
The stitch was covered by a bandage, and the forearm (or
arm) was wrapped with an elastic cling. Patients were
observed in the waiting area for 45-60minutes and released
home after checking the blood pressure, pulse rate, and
dressing.
Revenue comparison. We compared the revenue be-
tween the hospital-based and office-based interventions
Fig 2. Doppler spectral analysis of the stenosis depicted on Fig 1
measured high peak systolic velocity (PSV) (531.7 cm/second).based on Medicare payment schedules for procedure codesG0392/G0393 after subtracting materials, equipment,
and labor expenses.
Statistical analysis. Instat (v 3.06 for Microsoft
Windows, GraphPad Software, San Diego, Calif, www.
graphpad.com) was used to compare the preoperative and
postoperative fistula volume flows as well as highest PSVs at
the stenosis sites.
RESULTS
Technical success and intraoperative complications.
All 32 procedures were competed under duplex scan-
guidance alone, without fluoroscopy and contrast material.
Stents were not used during any of these interventions.
There were no systemic complications. One patient (3%)
developed an arm hematoma due to focal vein rupture
which was controlled by a hand compression for 20 min-
utes. A focal dissection of the venous wall not obstructing
the flow was noted on intraoperative duplex scan in 1
Fig 3. Doppler spectral analysis of pre-stenotic fistula segment
with peak systolic velocity (PSV) of 124.6 cm/second. PSV ratio
calculated when compared to the highest stenotic velocity depicted
on Fig 2 is 4.27.
Fig 4. Doppler spectral analysis with measurements of decreased
volume flow (390.4 mL/minute) obtained from the arteriovenous
(AV) fistula depicted in Figs 1-3.patient (3%).
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table, sterile pack, instruments, supplies, and missing solu-
tions took 30-40 minutes. Patient’s positioning, upper
extremity preparation, and draping took 10-20 minutes.
Uncomplicated angioplasty of single stenosis with one bal-
loon took 30 minutes (from puncture to sheath removal).
Complicated angioplasties of long (or multiple) stenoses,
tortuous veins with difficult to traverse stenosing webs, or
exchange for cutting balloon may add up to 60 minutes to
the procedure. Room cleaning took approximately 10 min-
utes. The total procedure time varied from 80 to 160
minutes. Average procedure times in this series are 90
minutes.
Preoperative and postoperative hemodynamic para-
meters. There was a statistically significant mean VF
increase from preoperative 350 180 mL/minute (range,
48 to 640 mL/minute) to postoperative 933  332 mL/
minute (range, 370 to 1770 mL/minute) with P  .0001
(Fig 5). Similarly, we found statistically significant decrease
of the mean PSV at the tightest stenosis level from preop-
erative 582  92 cm/second (range, 430 to 780 cm/
second) to postoperative 244 97 cm/second (range, 120
to 505 cm/second) with P  .0001.
Revenue for the office-based vs hospital-based AV
fistula angioplasties. Twenty-seven balloon angioplasties
(84%) involved the venous portion of the AV fistulas (pro-
cedure code G0393) and the remaining five cases (16%)
involved proximal artery or anastomosis (procedure code
G0392). Medicare hospital-based professional fee is cur-
rently $539 for a G0392 code and $344 for a G0392 code,
respectively. Medicare office-based global fee is currently
$2936 for a G0392 code and $2238 for a G0392 code,
respectively. While the various expenses such as: (1) dispos-
able materials (sterile pack [$70], sheath [$95], wire [$80],
directional catheter [$48], balloons [$300], stitch [$10],
saline [$5], lidocaine [$6], heparin [$10], and dressing
[$6]), (2) help of the RVT ($40 hourly rate  1.5 hours)
4-cutting balloons $750 4 3000, if divided, this added
Fig 5. Doppler spectral analysis with measurements of increased
volume flow (842.4 mL/minute) obtained in the same fistula
segment after stenosis dilation, balloon, and wire removal.cost for 32 cases equals $94, which may vary between theprocedures and institutions, we calculated the average cost
in our setting to be at $730/case (total $23,360 for 32
cases). If our surgeons were to perform these procedures in
the hospital setting, the collected professional fee would
have totaled $11,983. Notably, the above described proce-
dures accrued a net income of $51,746, which is 4.32 times
higher than that of the hospital setting.
Follow-up and patency rates. Mean patient follow-
up was 5  3.8 months (range, 1 to 12 months).
One-month, 3-months, and 6-months primary cumula-
tive stenosis-free patency rates were 96%, 76%, and 53%,
respectively. There was no 30-day mortalities, 1 patient
died 4 months after AV access angioplasty due to cardiac
morbidity.
All five failing fistulas were salvaged with duplex scan-
guided balloon angioplasty procedures. Of the 27 non-
matured fistulas, 3 patients did not require dialysis based on
their residual renal function. Unfortunately, 1 of these
patients had no outflow from the forearm vein due to
occlusion of the cephalic vein of the arm. Balloon angio-
plasty of the focal stenosis in the forearm provided a suitable
cephalic vein segment for transposition to the arm basilic
vein. The remaining 24 nonmaturing accesses regained
their function after current procedure and were used for
dialysis within 3 months after the last angioplasty.
Two cases were performed in the same patient with two
distant synchronous stenoses (one in the anastomosis and
another at the shoulder level) during two consecutive an-
gioplasties. Six patients underwent two procedures each
with the second one for the metachronous stenoses. Four
of these six lesions (66%) were recurrent stenoses and
developed at the site of prior angioplasty.
DISCUSSION
Although we have explored the advantages of duplex scan-
guidance for these procedures during the development of
this program, we have also noted certain limitations. We
have not been satisfied with imaging of the central veins to
extend this technique to this region. If duplex scan imaging
suggested a central vein stenosis or physical exam suggested
a pulse extending to the shoulder area, fluoroscopy was
used. We have not attempted to perform thrombectomies
of AVF or AV grafts with ultrasound scan guidance as we do
not have the equipment in the office to allow this procedure
to be performed efficiently. It is important to note that this
technique has only been used for inflow artery stenosis
limited to the area adjacent to the anastomosis.
In addition, we use the preprocedure duplex scan used
to diagnosis the failing or nonmaturing fistula to measure
the diameter of the area to be angioplastied. This informa-
tion is used to ensure that we have the correctly sized
balloon available in the office the day before the procedure.
This assists in keeping inventory at a bare minimum. More-
over, in this series, we resorted to cutting balloon angio-
plasty for failure of plain old balloon angioplasty. Since
Medicare now will cover stents for these procedures, these
may also be added to the armamentarium for failure of
balloon angioplasty performed in the office.
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to be cognizant of the increasing state regulation of office-
based procedures.21,22 This is a result of the increasing
number of complications reported by the media in this
previously unregulated field. However, most of the existing
regulations do not apply to balloon angioplasty of AVF as
we perform these with no sedation.
When setting up a program of ultrasound scan-guided
balloon angioplasties, we suggest that balloon angioplasty
of AVF may be an excellent starting point to learn the
technique. The VF is comparatively high allowing some
margin for error. Since the AV accesses are constructed to
be superficial, are easily accessible, and are routinely as-
sessed with duplex scan imaging, the fistula can be quite
simple to access and insonate.23 Since depth and calcifica-
tion are not an issue, the visualization of the balloons, wires,
and sheaths is the simplest with duplex scan-guided balloon
angioplasty of AVF as compared to other sites.24-26 This
extension of using duplex scan imaging to diagnose the
problem to actually guiding the intervention represents the
next step forward. This is especially important for patients
with renal insufficiency not yet on dialysis in whom dye
exposure could be detrimental or those with severe dye
allergy. Perhaps the next frontier would be to perform
balloon-assisted maturation of AVF with duplex scan-
guidance as some of these patients are not yet on dialysis
and may benefit from earlier maturation of the AVF.
These initial limited data suggest duplex scan-guided
balloon angioplasty of AVF is not only a safe and effective
procedure, but can have a positive effect on the bottom line
of the vascular practice. This represents a member of a
growing number of arterial and venous procedures that are
performed with duplex scan-guidance such as thrombin
injection of pseudoaneurysms, inferior vena cava (IVC)
filter placement, venous ablation of the saphenous veins
and perforators, lower extremity balloon angioplasty, and
carotid angioplasty. It is our suggestion that the term
Interventional Ultrasonography be assigned for this new
field.
Special acknowledgment is extended to Anne Ober for
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